Introduction
considered closely related members of the DExD/H box-containing helicase family, and while 69 both activate cellular responses by signaling through IPS-1 (also called MAVS, VISA or Cardif) 70 and IRF-3, they are not functionally equivalent, recognizing 5'tri-phosphate RNA and dsRNA, 71 respectively (26, 48, 57) . RIG-I, in particular has been implicated as the PRR for a number of 72 negative strand RNA viruses (36). However, the PRR responsible for recognition of hantavirus
73
RNA and initiation of early IFN responses is not known. ANDV and PHV were shown to inhibit nuclear translocation of 
169
The ANDV GPC expression plasmid was generated from PCR amplification of the Immunofluorescence. Virus protein expression and STAT-1 phosphorylation in cells were 224 examined by methods previously described (7). In short, Vero E6 cells expressing each protein 225 were treated with 2,000 U/ml of human IFN-β for 15 min at 37°C, fixed in ice-cold 100% 226 methanol for 10 min., and stained overnight at 4°C using anti-phosphotyrosine 701-STAT-1 227 (Cell Signal Technology, Danvers, MA) (1:100) and the appropriate viral protein antibody; anti-228 nucleocapsid protein or anti-glycoprotein antibodies (1:400), or anti-ZEBOV VP24 (1:10,000).
229
Cover slips were mounted using ProLong Gold antifade reagent with DAPI (Life Technologies).
230
Images were captured using a Zeiss Axio Scope with Axiovision software. 
283
ANDV and SNV S-segment copy numbers were determined as previously described (46, 284 51). In brief, RNA was isolated using the RNeasy Mini Kit (Qiagen). One-step qRT-PCR was 285 conducted on RNA extracts using a Corbett Rotor-gene 6000 system with either ANDV S (Fig 1B) . In both A549 and Huh7-TLR3 cells there was no notable upregulation of 
315
To confirm viral replication in A549 and Huh7-TLR3 cells, ANDV and SNV S-segment 316 copy numbers were determined using TaqMan qRT-PCR. An increase in S-segment genomic 317 RNA over time was observed for ANDV and SNV infected A549 and Huh7-TLR3 cells, however with both viruses, replication efficiency appeared to be much higher in Huh7-TLR3 319 (Fig. 1C) (Fig. 2) . However, co-expression of ANDV NP and GPC in the presence of ANDV GPC alone, ANDV GPC was able to reduce the activity of luciferase 345 in the presence of SNV NP, however, the reduction was not significant compared to empty 346 vector or GFP expression (Fig. 2) . Thus, of all viral proteins investigated, SNV GPC was found 347 to be a potent inhibitor of SeV induced IFN-β promoter activity. protein, partial or an apparent lack of inhibition was observed (Fig. 3B) . Furthermore, inhibition Jak/STAT-dependent promoter activity, we monitored ISRE promoter activity using a luciferase 376 expression construct under the control of a p54-ISRE promoter. In support of our IFA data, we 377 found that ISRE activity was inhibited by expression of ANDV GPC or NP, compared to 378 transfection of control constructs (empty vector, GFP) (Fig. 4) . Similar to the inhibition observed 379 in the IFA, expression of NP or GPC resulted in moderate levels of inhibition and was not as 380 potent as ZEBOV VP24. ANDV NP was a stronger inhibitor of ISRE activity than GPC, 381 although both were found to be significant (p<0.05) compared to negative controls. Co- (Fig. 5B ).
417
Additionally, the inter-species variation noted in the IFA assay was also seen in ISRE activity; 418 reduction in activity was strongest in the presence of LNV NP, followed by ANDV NP and 419 subsequently by MAPV NP. Once again, there was no evidence of Jak/STAT antagonism by 420 SNV NP. To eliminate the possibility that the differences observed between species was due to 421 differential protein expression, western blots were performed using SNV N polyclonal antibody 422 that confirmed comparable expression of NP (Fig. 5C ). induction by SNV GPC, we wanted to determine if the SNV GPC was able to antagonize 432 Jak/STAT signaling similar to that observed with ANDV GPC. To investigate the similarities and differences between antagonism by SNV and ANDV proteins, we used the ISRE-luc reporter 434 assay in HEK 293 cells transfected with either ANDV NP and/or GPC, or SNV NP and/or GPC.
435 Surprisingly, in contrast to ANDV, for which both NP and GPC appeared to have suppressive 436 functions, antagonism by SNV appeared to be mediated solely by GPC (Fig. 6) . Co-expression 437 of SNV NP and GPC resulted in significantly reduced ISRE activity (p<0.05), comparable to that (Fig. 6B) . IFN-β concentration was also investigated to ensure 448 that inhibition was not affected by overwhelming levels of IFN-β stimulation. In almost every 449 case, reduction of IFN-β by up to 20-fold did not significantly affect ISRE activity as compared 450 to the original concentration of 1000 U/ml set as 100 percent fold induction of ISRE (Fig. 6C) .
451
Thus, the inhibition mediated by hantavirus proteins was not due to artifacts of overexpression or 
457
We found that ANDV and SNV infection does not elicit robust cellular responses in A549 or 458 Huh7-TLR3, despite virus replication (Fig.1) . Our data suggests that the lack of cytokine (Fig. 2, Fig. 6 ). The GPC from SNV is a potent inhibitor of
463
SeV induced IFN-β-reporter dependent gene expression . In contrast, ANDV requires expression 464 of both NP and GPC to antagonize IFN-β induction, and does so by around 50%, which is 465 significantly less efficient than the SNV proteins (Fig. 2) . In examining antagonism of IFN- (Fig. 3) and of Jak/STAT-dependent promoter activity (Fig. 4) , similar to that (Fig. 2) . In addition, we provide new evidence that SNV GPC also 496 functions as an antagonist of Jak/STAT signaling (Fig. 6) and VP24, paramyxoviruses encode V, C, and N proteins, and picornaviruses and coronaviruses 504 encode a variety of IFN antagonists (6, 8, 9, 35, 42, 49, 50) . reduced to 50% or less of levels seen in controls (Fig.5) . We found that antagonism by NP is not 513 characteristic of all hantaviruses as the NP of SNV had no effect on IFN-β induced Jak/STAT 
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The ability to antagonize IFN-β responses by ANDV NP and GPC, or by SNV GPC is 530 not as robust as that of other known inhibitors, such as ZEBOV VP35, ZEBOV VP24 and 531 influenza NS1 (13, 33, 40, 49, 50) . This difference may be a result of dramatic differences in 532 virus ecology and evolution, and may explain differences in disease progression. Hantavirus 533 evolution is intimately associated with their rodent reservoirs, the incubation period for 534 hantavirus disease is considerably long, ranging from 2 to over 6 weeks in length, and disease is 
